Baseline airway geometry is thought to be an important determinant of the airway response to challenge; this geometry is altered by changing posture. The effect of changes in posture on airway calibre, midtidal lung volume, and the airway response to inhaled histamine was studied in eight healthy subjects (four female; mean (SD) age 29-8 (5-1) years, FEVy 3-54 (065) 1). Each subject was studied in both sitting and supine postures on two days; airway calibre was assessed by measuring total respiratory resistance (Rrs) at 6 Hz with a forced oscillation technique applied over 16 seconds of tidal breathing. Appropriate doses of histamine were selected by preliminary experiments and were always inhaled with the subject in the supine posture. Midtidal lung volume was larger in the sitting (2-9 (0-8) 1) than in the supine posture (2-4 (05) 1). Baseline Rrs was lower in the sitting than in the supine posture (2-03 (044) and 3-12 (076) cm H2O. 1'. s*). The mean absolute increase in Rrs after the same dose of histamine was 1-22 cm H20. 1'-. s in the sitting position (65 8% increase over baseline) and 1-39 cm H20. 17. s (48 8% increase over baseline) in the supine position. The geometric mean provocation concentration of histamine causing a given percentage increase in Rrs was similar in the sitting (8-26 mg/ ml) and supine (8-65 mg/ml) positions.
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The increased wall thickness may itself increase apparent airway responsiveness."3 In normal subjects airways resistance during tidal breathing increases in the supine posture *1 cm H20 = 0-0981 kPa.
owing to the reduction in end expired volume (functional residual capacity, FRC). Experiments using two different types of body plethysmograph showed that the increase in resistance was due to a passive decrease in airway dimensions as a result of the reduction in lung volume and recoil pressure. 4 In 1963 Bouhuys' showed that, after inhalation of a standard dose of histamine, nitrogen clearance from the lungs was slower in the supine than the sitting posture. To our knowledge no direct comparison of bronchial responsiveness in the two postures has been made, probably because measurements of resistance are difficult in the supine posture. We have adapted the oscillation method to measure respiratory resistance in different postures and have compared bronchial responsiveness to inhaled histamine in the sitting and supine postures in eight symptomless subjects. Apart from examining the effects of posture-which may be relevant to nocturnal asthma-the experiment provides a convenient physiological method for comparing responsiveness at different baseline airway diameters without inducing changes in bronchial muscle tone with drugs. Methods SUBJECTS (table 1) We studied eight subjects (four of them male; mean age 29-8 years) known to have measurable responsiveness to histamine, all of whom worked in our medical school and had never smoked. Two gave a history of mild asthma (subjects 2 and 8) but they had had no symptoms and had taken no bronchodilators for the two weeks preceding the study; the remaining six subjects had no respiratory symptoms or past history of significant respiratory disease though three were atopic with positive prick skin tests to common inhaled antigens. One of the mildly asthmatic subjects (subject 2) had a slightly reduced forced expiratory volume in one second (FEVI) but baseline values were virtually constant when measured shortly before each of the four tests of histamine response. The study was approved by the Research Ethics Committee of this Medical School.
MEASUREMENTS
Spirometry and lung volume measurements Slow expiratory vital capacity (VC) and forced expiratory volume in one second (FEVy) were measured using a dry spirometer (Vitalograph) and peak expiratory flow (PEF) with a (cm H20.I-1. s) position by spirometry and body plethysmography. When response to histamine was measured in the sitting position an initial measurement of Rrs and midtidal lung volume was made in the supine position followed by a measurement shortly after the subject had adopted the sitting position. The subject then lay supine to inhale the five puffs of a saline control solution and immediately sat up and attached to the mouthpiece of the oscillation apparatus to make the first set of measurements of Rrs (three 16 second runs over about two minutes). Care was taken to avoid coughing, deep inspirations, and expirations during these measurements of Rrs; at the end of this period the subject inhaled to TLC and slowly expired to residual volume. The subject then rested until five minutes had elapsed from the saline dose, resumed the supine posture to inhale five puffs of the first concentration of histamine, and immediately sat up and started a further set of measurements of Rrs and midtidal lung volume as before. This procedure was repeated after a further five minutes for the second concentration of histamine. A similar procedure was followed for examining the effects of saline and histamine in the supine posture except that (1) the subject first completed a baseline set of measurements in the sitting posture followed by a set on adopting the supine position before inhaling saline, and (2) the subject subsequently remained supine throughout. Each challenge procedure lasted about 15 minutes. The two doses of histamine administered to each individual were chosen from the response observed on day A; each individual inhaled the same two doses for each of the four tests of histamine response. Histamine was always inhaled in the supine posture to ensure similar deposition of the drug. Provocation concentrations of histamine were obtained by interpolation. (fig 1) .
The mean (SD) baseline measurements in the eight subjects when they were sitting and supine on days C and D were: midtidal lung volume 2-9 (0-8) 1 Rrs was higher for all subjects when they were supine than when they were seated, and except for subject 3 
Discussion
In these experiments inducing a stable 50% increase in baseline resistance by adopting the supine posture failed to produce a significant increase in responsiveness to a standard dose of inhaled histamine.
CHANGES IN Rrs AND MIDTIDAL LUNG VOLUME WITH POSTURE
Previously it has been difficult to measure resistance in the supine posture because body plethysmography is usually only possible in the sitting position and oesophageal pressure measurements may be subject to artefacts. In the present experiments we used the oscillation technique to study changes in Rrs with posture on five occasions in each individual (once on day B, twice each on day C and day D) and the results were stable with time ( fig 1) and very similar in repeated experiments (fig 2) .
The absolute increases in Rrs in the present subjects when they adopted the supine posture were similar to those recently described by Navajas and colleagues," who used a similar oscillation technique. The evidence that the increases in Rrs shown by our subjects in the supine posture were due to changes in the intrapulmonary airways and not to increases in resistance of the chest wall or extrathoracic airways is indirect. Thus others have shown only a small increase in chest wall resistance at small lung volumes,'2 whereas Rodenstein and Stanescu'3 have shown that palatal and genioglossal muscles are actively contracted to maintain a widely patent pharyngeal airway in the supine posture in awake subjects. Two studies have shown absolute increases in total airway resistance4 and total lung resistance'4 that were the same as the increase in Rrs in our patients. Most importantly, Linderholm,4 who compared results obtained in a conventional body plethysmograph with those obtained in a specially designed plethysmograph in which the subject lay supine, showed that the relation between total airway resistance and lung volume and lung recoil pressure was similar in the sitting and supine postures, indicating that the increase in baseline airway resistance was appropriate for the reduction in lung volume in the supine posture.
Our estimates of the mean reduction in midtidal lung volume under basal conditions ignores any change in TLC, which in practice is slightly lower in the supine than the sitting position."' Direct measurements of functional residual capacity show that the average reduction when the supine posture is adopted is about 0-75 1 (see review by Svanberg'6) . Hence, despite the trend to a slightly greater rise in midtidal lung volume in the supine posture after challenge with the larger dose of histamine, we estimated that midtidal lung volume was still about 0 55 1 smaller in the supine posture. Reductions in the gas volume of the lung in the supine posture appear to be due to reduction in the neutral volume of the respiratory system, which is largely due to differences in the gravitational effects of the abdominal contents on the position of the diaphragm and to increases in pulmonary blood volume. ' (fig 2) . Deposition of histamine was controlled by administering it always in the supine posture.
The interval of three hours between histamine challenges was chosen to avoid tachyphylaxis to histamine,9 and the timing and alternate order of the studies was designed to minimise errors group.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from in the comparison of postural response to histamine due to diurnal variation in bronchial responsiveness.'0 We present results of Rrs only at 6 Hz, although change to the supine posture resulted in increases in Rrs at all frequencies, as described also recently by Navajas and colleagues." In the present subjects there was little frequency dependence of resistance in the sitting posture, but when they adopted the supine posture there was a slight tendency for Rrs to fall between 6 and 16 Hz, presumably related to the reduction in midtidal lung volume; the changes were small and not likely to have attenuated the change in Rrs6 with posture appreciably.
We chose our two doses of histamine on day A so that the larger dose always produced a greater than 200, rise in Rrs. Because resistance of the chest wall and lung tissue contribute to Rrs the proportionate rise in the airway component is larger. On days C and D the larger dose of histamine produced on average a rise in Rrs greater than 40% in both postures, representing a reduction in airway dimensions rather greater than that indicated by the 350/o reduction conventionally used for specific airways conductance.20
Results similar to our own were obtained by Ding et al,7 who studied responsiveness to inhaled methacholine at different, voluntarily maintained lung volumes in the sitting posture. These authors did not find any difference in the concentration of methacholine required to double total pulmonary resistance at different lung volumes, though they found that the plateau of increase in resistance often present at FRC was lost when volume was reduced below FRC. Together these results suggest that reduced interdependence between airway narrowing and surrounding parenchyma at small lung volumes becomes important in subjects with mildly increased responsiveness only after considerable airway narrowing has developed.
The result may be different in subjects with active asthma. In such subjects airway dimensions are reduced when they are seated and increases in resistance when they lie flat are larger than in normal subjects.2' Moreover, it has been claimed22 that lung function in asthmatic subjects may progressively deteriorate when the supine posture is maintained for several hours. Recent studies have shown airway wall thickening3 of sufficient severity to enhance responsiveness in vivo. Rises in residual volume occur early in the development of an asthma attack; presumably this is due to airway closure, indicating that the airways are then poorly stabilised against narrowing at small volume. 
